The spatial arrangement of soybean plants, determined by row spacing and seeding rate, affects the intraspecific competition for water, light, and nutrients, as well as plant architecture and grain development, quality, and chemical composition. The aims of this study were to evaluate the effect of row spacing and seeding rate on the grain size produced, and the influence of these three factors on chlorophyll retention and protein and oil content in grain. Two experiments were conducted in the 2013/14 and 2014/15 growing seasons, using a 4 × 3 factorial randomized block design with three replications. Four different row spacings [20 cm (narrow row), 50 cm (conventional), 20/80 cm (twin rows) and crossed lines (50 cm)] and three seeding rates (150, 300, and 450 thousand viable seeds ha -1 ) were evaluated. The grains were classified by size using oblong sieves and then the effects of spatial arrangements and size of grain on the percentage of green grains and protein and oil contents were evaluated. Higher plant densities were associated with larger grain size, whereas the effects of spacing between the rows on the grain size varied between growing seasons. The arrangement in cross-rows and high plant density produced a higher percentage of green grains under weather conditions favorable to the development of this attribute. The effects of plant spatial arrangements on the contents of protein and oil in grains were variable, and it was not possible to determine whether the spatial arrangement of plants had an effect on the levels of protein and oil in grains. Larger grains had higher protein content, but oil contents were not affected by grain size. Key words: Glycine max L. Grain quality. Green grains. Row spacing. Seeding rate.
Introduction
Large-scale production of soybean (Glycine max (L.) Merril) is associated with complex systems of production, storage, processing, and trade (ZAKIR; FREITAS, 2015) . The crop has high levels of protein; oil composed of saturated and polyunsaturated fatty acids; vitamins, mainly B-complex; P, K, Ca, Zn, and other minerals; and polyphenolic compounds such as isoflavones (ÁVILA et al., 2007; YIN; VYN, 2005) . The main product obtained from soybean is protein meal, which is used as a feed for swine and poultry.
The spatial arrangement of plants, determined by sowing density and row spacing, may affect soybean production, due to modifications of the growth environment and plant development from sowing to harvest. Appropriate sowing density management affectsplant structural characteristics and may contribute to the control of weeds, pests, and diseases, as well as reducing lodging and maximizing yield (BALBINOT JR. et al., 2015; KHAN et al., 2003; PROCÓPIO et al., 2013; RIGSBY; BOARD, 2003) . However, there is little information regarding the effects of sowing density and row spacing on the formation, quality, and composition of grains.
Soybean plant arrangement affects intraspecific competition for water, sunlight, and nutrients, which modifies environmental resources usage, thus affecting photoassimilate production (BOARD, 2000; BOROOMANDAM et al., 2009; KUSS et al., 2008) . Stressful situations such as intense competition among plants, high temperatures, and dry periods during maturation may affect or even terminate chlorophyllase activity prior to complete chlorophyll degradation (RANGEL et al., 2011) . The frequency of greenish soybeans in a batch is unstable and depends on the type, intensity, and period when stressful conditions occur (FRANÇA NETO et al., 2012) .
Grain size may affect yield and oil and protein contents, which are important for human and animal consumption, and for biofuel production (MOURTZINIS et al., 2015) . Oil and protein contents are affected by a cultivars intrinsic genetic factors, which may be mainly altered by environmental conditions during the soybean filling stage (ÁVILA et al., 2007; MINUZZI et al., 2009) . Furthermore, the oil and protein content of soybeans may vary depending on location and crop management, like, plant spatial arrangement, which can modify plant structure and morphology (LUCA; HUNGRIA, 2014) . However, few studies have evaluated the effects of interaction between sowing density and row spacing on soybean chemical composition (BELLALOUI et al., 2015;  87 Semina: Ciências Agrárias, Londrina, v. 38, n. 1, p. 85-96, jan./fev. 2017
Size, chlorophyll retention and protein and oil contents of grains from soybean plants grown in different spatial arrangements MOREIRA et al., 2015) . Clarification of this issue is relevant for designing management techniques that simultaneously aim to achieve increased productivity and soybean quality with the lowest possible cost and environmental impact. In this context, spatial arrangement adjustment might constitute an important management technique for this purpose.
This then raises the following questions. Does higher sowing density result in larger soybeans containing higher protein and oil contents and a reduced number of greenish soybeans? Does narrower row spacing promote better environmental resource usage and a consequent increased production of larger soybeans with lower percentages of greenish soybeans and higher oil and protein contents? On the basis of currently available information, this study aimed to evaluate the effects of row spacing and sowing density on soybean size and the influence of these factors on chlorophyll retention and protein and oil contents.
Materials and Methods
Two experiments were conducted during the 2013/14 and 2014/15 growing seasons at the Embrapa Soja experimental farm, located in Londrina -PR, Brazil (23°11′S, 51°11′W; altitude: 620m), using the same experimental area in both seasons. Local soil type has been identified as a Latossolo Vermelho distroférrico (SANTOS et al., 2006) , and had the following attributes within the 0-20 cm soil layer prior to experimental implementation: organic carbon = 21.4 g dm ; pH(CaCl 2 ) = 4.9; P = 8.6 mg dm ; and 55% CEC base saturation.
Local plant coverage was mechanically managed on the 11th day after sowing during both growing seasons using a shredder. Nine days after this operation, the remaining plants were chemically desiccated using glyphosate (1,080 ga.i. Soybeans were harvested and cleaned, and then packed in multi-layer paper bags. Subsequently, 2-kg samples from each plot were classified using sieves, the mesh sizes of which differed between the two growing season, depending on soybeans size. The following oblong sieves were used: 10×3/4" (3.97 × 19.05 Soybeans were harvested and cleaned, and then packed in multi-layer paper bags. Subsequently, 2-kg samples from each plot were classified using sieves, the mesh sizes of which differed between the two growing season, depending on soybeans size. The following oblong sieves were used: 10×3/4" During the second experimental stage, a 4 × 3 × 4 factorial randomized block design was used (four row spacing widths, three sowing densities, and four sieves) for the 2013/14 growing season, and a 4 × 3 × 5 design (four row spacing widths, three sowing densities, and five sieves) for the 2014/15 growing season. The following evaluations were individually performed for each sieve size: percentage of greenish soybeans, and protein and oil contents. Soybeans were considered greenish when showing any extent of greenish tegumental color. In order to standardize the classification, identification of greenish beans was performed by the same evaluators. The one thousand bean mass determinations were performed by counting and subsequent weighing of one thousand grains from each subsample.
The protein and oil contents of samples were determined for intact grains using near infrared (NIR) spectroscopy, as described by Heil (2010) . Intact and clean grains from each sample were submitted to measurements using an FT-NIR analyzer (Antaris II; Thermo Fisher Scientific, Waltham, USA) equipped with a 4 cm -1 spectral resolution integrating sphereand background at each measurement, at 32 scans. Prediction was performed using mathematic models described by Embrapa Soja (2011/12) for protein [180 patterns; correlation coefficient (r) = 0.97m; and Root Mean Square Deviation of Calibration (RMSEC) = 0.64] and oil contents (170 patterns; r = 0.98; and RMSEC = 0.45).
The data obtained was submitted to variance analysis and means were compared using Tukey's test at 5% probability. Analyses were performed using SISVAR (Sistema para Análise de Variância) software (FERREIRA, 2011) .
Results and Discussion
The average one thousand grain mass for the 2013/14 growing season for 10× 3/4", 11 × 3/4", 12 × 3/4", and 13 × 3/4" sieves was 92.3, 107.4, 123.8, and 144.3 g, respectively. For the 2014/15 growing season, the average one thousand grain mass for 12 × 3/4", 13 × 3/4", 14 × 3/4", 15 × 3/4", and 16 × 3/4" sieves was 127.7, 147.5, 161.9, 185.6, and 217.6 g, respectively. In neither growing season there was no interaction between of row spacing or sowing densities on soybean classification. For the 2013/14 growing season, a higher percentage of grains were classified by 12 × 3/4" and 13 × 3/4" sieves (larger soybeans) for 50-cm row spacing, when compared with the other row spacings ( Figure  2 ).There was no difference in soybean classification for remaining row spacing widths, and these tended to show higher percentages of soybeans classified as discard and small soybeans (10 × 3/4" sieve), when compared to those obtained from plants with 50-cm row spacing. Grains classified by the 11 × 3/4" sieve (intermediate size) were not affected by row spacing. In the 2013/14 growing season, there was a significant water deficit associated with higher temperatures during soybean filling, from the second January ten days-months to the second February ten days-months ( Figure 1A ). Under these stress conditions, reduced row spacing and crossed planting probably promoted a higher loss of water through transpiration, which suppressed soybean development. In contrast, double-rows may have promoted higher water loss through evaporation, due to the lower soil coverage by canopies during the soybean filling stage, which limited plant development.
In the 2014/15 growing season, the 20-cm row spacing (reduced) produced a higher percentage of soybeans classified by 16 × 3/4" sieves, when compared with the other row spacing widths (Figure 3 ). This can probably be explained by the lower plant equidistance obtained along the row by spacing reduction, which permitted rapid canopy coverage and higher sunlight interception, providing better conditions for soybean development during the filling stage. It is important to emphasize that meteorological conditions during the 2014/15 growing season were more favorable for soybean filling, compared with those in the 2013/14 growing season ( Figure 1B ). There was no difference among the evaluated row spacing widths with regards to grains classified as discard or by other sieves. 1 Means followed by the same letter for each sieve do not differ by Tukey's test at 5% probability.
1 Means followed by the same letter for each sieve do not differ by Tukey's test at 5% probability. 1 Means followed by the same letter for each sieve do not differ by Tukey's test at 5% probability.
In the 2013/14 growing season, there were no differences between sowing densities of 300 and 450
thousand feasible seeds ha -1 in terms of the percentage of grains classified by different sieves (Figure 4 ).
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In the 2013/14 growing season, there were no differences between sowing densities of 300 and 450 thousand feasible seeds ha -1 in terms of the percentage of grains classified by different sieves (Figure 4) . However, these densities produced higher percentages of soybeans classified by 12 × 3/4" and 13 × 3/4" sieves, and lower percentages of grains classified as discard and by the 10× 3/4" sieve, when compared to a sowing density of 150 feasible seeds ha -1 . This difference can probably be attributed to the growth of deeper roots resulting from the higher intraspecific competition at higher plant densities (CRAINE; DYBZINSKI, 2013).This provided better conditions for water absorption in deeper soil layers during the soybean filling stages, during which a significant water deficit occurred. Furthermore, higher sowing densities result in lower numbers of pods per plant and higher stem contribution to soybean production, which promotes a higher demand for photoassimilates, at the expense of that of branches, and facilitates the development of larger grains (BALBINOT JR. et al., 2015) . Kuss et al. (2008) also observed larger grains associated with higher plant density, particularly during water deficit periods occurring during the grain formation period. Similar to the observations for row spacing, grains classified by the 11 × 3/4" sieve (intermediate size) were also unaffected by plant density. 1 Means followed by the same letter for each sieve do not differ by Tukey's test at 5% probability.
In the absence of stress, the effects of sowing density on grain size were greater when compared with the effects of row spacing, which can probably be attributed to the fact that density is a more important restrictive factor for plant growth and development than is row spacing (Figure 5 . In contrast to row spacing, the effects of sowing density on the percentage of grains classified by sieves were similar under both stress and non-stress conditions (Figures 4 and 5) . In this regard, seed production farms should avoid sowing densities below the recommended, because although this promotes higher numbers of pods per plant (BALBINOT JR. et al.,
2015), the soybeans may be smaller, which may impair quality and, consequently, trade.
1 Means followed by the same letter for each sieve do not differ by Tukey's test at 5% probability.
In the absence of stress, the effects of sowing density on grain size were greater when compared with the effects of row spacing, which can probably be attributed to the fact that density is a more important restrictive factor for plant growth and development than is row spacing (Figure 5 ). In the 2014/15 growing season, a sowing density of 150 thousand feasible seeds ha -1 produced a higher percentage of grains classified as discard or by 12 × 3/4", 13 × 3/4", and 14 × 3/4" sieves, and lower percentages of seeds classified by 15 × 3/4" and 16 × 3/4" sieves, when compared with higher sowing densities, and particularly with the sowing density of 450 thousand feasible seeds ha -1 . In contrast to row spacing, the effects of sowing density on the percentage of grains classified by sieves were similar under both stress and non-stress conditions (Figures 4 and 5) . In this regard, seed production farms should avoid sowing densities below the recommended, because although this promotes higher numbers of pods per plant (BALBINOT JR. et al., 2015) , the soybeans may be smaller, which may impair quality and, consequently, trade.
In the 2013/14 growing season, row spacing, sowing densities, and soybeans size generally did not affect the percentage of greenish soybeans produced; however, spacing and density did affect this parameter in an isolated manner. Crossed 50-cm row spacing, as well as a sowing density of 450 thousand feasible seed ha -1 , promoted a higher percentage of greenish soybeans, when compared with the other evaluated row spacing widths and sowing densities (Table 1) . However, it is worth emphasizing that differences in the percentages of greenish soybeans among sowing densities were small (approximately 3%, absolute value) under water stress conditions. 1 Means followed by the same letter for each sieve do not differ by Tukey's test at 5% probability.
In the 2013/14 growing season, row spacing, sowing densities, and soybeans size generally did not affect the percentage of greenish soybeans produced; however, spacing and density did affect this parameter in an isolated manner. Crossed 50-cm row spacing, as well as a sowing density of 450 thousand feasible seed ha -1
, promoted a higher percentage of greenish soybeans, when compared with the other evaluated row spacing widths and sowing densities (Table 1) . However, it is worth emphasizing that differences in the percentages of greenish soybeans among sowing densities were small (approximately 3%, absolute value) under water stress conditions. In the 2014/15 growing season, no greenish soybeans were observed, which could be attributed to a better rainfall distribution and mild temperatures during the soybean filling stage. Thus, favorable conditions for soybean development occurred among all treatments. In this case, chlorophyll levels were lower due to uninterrupted chlorophyllase activity. Chlorophyll degradation begins with hydrolysis of the phytol group, resulting in chlorophyllide (green), which is more soluble in water than chlorophyll. Subsequently, pheophorbide is formed due to loss of thephytol group and Mg +2 , giving rise toa greenbrown color.Thereafter, oxidative transformations occurs, generating colorless degradation products, which result in the transition from a greenish color to the normal yellowish color of mature soybeans (PÁDUA et al., 2009; RANGEL et al., 2011) . Thus, the effects of meteorological conditions on the incidence of this physiological problem was evidenced.
In the 2013/14 growing season, there was no effect of sieve classification on protein and oil contents; however, row spacing and densities affected these soybean characteristics. Higher protein content (37.48%) was obtained with a 50-cm row spacing (conventional) and with the highest sowing density (450 thousand feasible seeds ha -1 ), and this value did not differ statistically from those obtained with crossed 50-cm spacing and 20/80-cm double row spacing (Table 2 ). Row spacing of 50 cm combined with 300 thousand feasible seeds ha -1 produced the highest oil content (23.95%); however, this value did not differ statistically from that obtained with 20-cm (reduced) and 20/80-cm (double row) spacing. In contrast to these findings, Moreira et al. (2015) observed no effects of different row spacing widths and sowing densities on oil and protein contents. In general, crossed 50-cm row spacing produced the highest protein and the lowest oil contents, thus revealing the negative correlation between these soybean components (CLEMENTE; CAHOON, 2009; PINHEIRO et al., 2013) . In the 2014/15 growing season,there was no interaction between the studied factors and the protein and oil contents of soybeans. The three evaluated factors had inconsistent effects on protein content. Soybeans produced under 20-cm row spacing had the highest protein content, when compared with the contents obtained with the other evaluated row spacing widths (Table 3) . Similarly, higher sowing density produced soybeans with higher protein contents. Bellaloui et al. (2014) studied different soybean spatial arrangements and observed that higher sowing densities resulted in higher protein content, however, these results were obtained only under water stress conditions and high temperatures. Furthermore, higher protein content was observed for larger soybeans (Table 3 ). The protein content difference among grains classified by 12 × 3/4" and 16 × 3/4" sieves was approximately 2%, which is a significant value for protein meal production for animal feeds. Oil content was not affected by the evaluated experimental factors, thus, it appears that this is a variable that is little affected by environmental conditions (DARDANELLI et al., 2006; GAO et al., 2009; MAEHLER et al., 2003) . 
Conclusion
Higher plant density promoted the development of larger soybeans, whereas row spacing effects on bean size varied between the different growing seasons.
A cross-row arrangement and higher plant density resulted in an increased percentage of greenish beans, under meteorological conditions favorable for the development of this characteristic.
Spatial arrangement effects on soybean protein and oil contents were variable, and thus it was not possible to determine a spatial arrangement that promotes increments of soybean protein or oil contents.
Larger soybeans have higher protein content; however, oil content is not affected by soybean size.
